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McCameron: Setting Inventory Reorder Points

Too small a reorder quantity forces too frequent reorders and increases the
danger of stock-outs; a large reorder quantity increases daily average carry
ing costs. Here’s a method of finding the best possible balance in—

SETTING INVENTORY REORDER POINTS
by Fritz A. McCameron

Louisiana State University

businessman
unfamiliar
tion, wherein the characteristics of
with the newer mathematical
a real-world situation are artificial
techniques of management mightly duplicated in a mathematical
well be surprised the first time he
model. These simulations may in
is advised to apply the Monte Car
volve the random occurrence of
lo method to the solution of his
some event. This characteristic
inventory control problems. What,
randomness gives the simulation
he might ask, do inventories have
process its name, Monte Carlo.
to do with the well known gam
The Monte Carlo method pro
vides a means of solving problems
bling resort on the Mediterranean?
under conditions of uncertainty.
From one point of view, inven
tory management does have some
Most problems that are dealt with
by operations research techniques
similarities to the activities carried
involve one or more unknowns
on at Monte Carlo. It is an under
whose relationships are known;
taking of some risk and with high
they are solved by setting up and
stakes. It is not these similarities
evaluating equations. Monte Carlo,
that are the subject of this article,
on the other hand, may be used if
however, but rather the use of a
the relationships between variables
new technique for reviewing inven
are so vague as to prevent the de
tory activity and judging the pro
velopment and solution of equa
priety of inventory reorder points.
tions or if events “just happen” at
The technique is that of simula

he

T
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any point in time and so are too
unpredictable to be introduced in
to deterministic equations.
To solve problems of this nature,
an artificial situation is created, de
signed to act as much like the real
situation as possible. Even the ran-
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domness of the occurrence of sig
known about the nature of the ran
random numbers
*
spread evenly
nificant events is built in, in a
dom event. First, its occurrence
over the interval .00-.99 is required.
manner discussed below. No at
must be truly random, meaning
At the appropriate point in the
tempt is made to solve for the un
that the likelihood of occurrence of
simulation run a number would be
knowns directly. Instead, a possible
any one value is in no way depen
drawn from the supply. If the value
solution is selected by guess. It is
dent on some other event. Second,
chosen were between .00 and .79,
introduced into the model, and the
the range of possible events or val
the assumption of a cloudy day
synthetic world is put through a
ues and the distribution over the
would be used on that iteration. If
number of cycles, or iterations, to
range must be known. This sched
the value were between .80 and .99,
see how it acts with the introduced
ule of possible values is called a
the day would be assumed fair. In
probability distribution. In the
conditions in force. If the model
this fashion, 80 per cent of all days
does not perform satisfactorily un
calculation of a probability dis
should appear in the simulation to
der these circumstances, other pos
tribution, the likelihood of each
be cloudy and 20 per cent fair, thus
sible choices are made and tested.
occurrence is compared with other
introducing the effect of the ran
The process is continued until an
possibilities. The sum of all possi
dom event into the simulation.
swers are found that do seem ac
ble happenings is assigned a value
ceptable. The method does not
of 1.0, and each possibility is as
Applications
necessarily lead to a “right” answer,
signed some fraction of 1.0 that
or “best” results, but simply to the
expresses its relative probability of
This technique has application in
best under the circumstances test
occurrence. For example, if the
a number of areas of accounting
weather were four times as likely
ed.
and management decision making
to be cloudy
fair, “cloudy”
where the exact relationship be
would be given a probability of .8,
tween variables is unknown and
Random event
“fair” would be given a probability
where real-world testing is imprac
The key to the situation  is the
of .2, and the total probability
tical. For example, simulation may
random event. On the one hand,
would be 1.0. An example of a
be used to consider the addition of
its presence makes the evaluation
probability distribution may be
new customer service facilities
of the situation by orthodox means
found in Exhibit 1 on this page.
where the arrival of customers is
impossible. On the other hand, it
Monte Carlo simulation requires
enables the analyst to find a solu
that the randomness of events be
* Random numbers are numbers drawn
tion through testing possible an
duplicated in the model. If the
from a source where any value is as like
swers in a number of iterations.
weather conditions previously cit
ly to appear as any other. Published
The speed and capacity of elec
ed occurred at random, in order to
tables of random numbers may be ob
tained and used for this purpose. It is
tronic computers make this feasible
simulate the weather it would be
interesting to note that most tables of
where manual solution would not
necessary to produce synthetically
random numbers nowadays should prob
be practical.
the effect of conditions 80 per cent
ably be called pseudo-random, for they
To solve a problem by Monte
cloudy and 20 per cent fair. This is
are often prepared by that slave of pre
Carlo simulation, much must be
done easily enough. A supply of
dictability, the electronic computer.

EXHIBIT I
DAILY DEMAND
(250 DAYS)

(1)

(2)

(3)

Units

Days

Probability

0
1
2
3
4
5
6
7
8

10
12
15
20

.04
.048
.060
.080
.120
.180
.224
.168
.080

45
42
20

250
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1.000

—

(4)
Cumulative
Probability

.040
.088
.148
.228
.348
.528
.752
.920
1.000

(5)
Weighted Daily
Demand

0
12
30
60
120
225
336
294
160

1,237
—
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Inventory
to improve
older Reorder
methodsPoints
of
random and where costs such as
calculating reorder points, but
the loss of revenue through lost
whether or not it will result in sav
sales or inoperative productive
ings that exceed the costs of neces
units may be assigned to “waiting.”
sary analysis must be determined
In applications of this sort the ser
separately in each specific instance.
vice facility may be any operative
Second, the example to follow is
unit of the company, and the “cus
deliberately kept simple. If the
tomer” may be any division or unit
technique is applied in an actual
operated on by the unit studied.
situation, many other factors are
Thus, this kind of study might be
likely
to intrude to complicate the
appropriate for research into the
model.
To attempt to introduce and
proper number of check-out lines
treat
these
in this article, however,
in a supermarket, the availability
would only complicate and obscure
of repair facilities in a factory, or
the point being made.
the number of machines ready to
With these qualifications, let us
process materials in a production
take a look at a model of activity in
line.
Inventory Item X.
This article deals with the ap
plication of the Monte Carlo simu
lation method to certain aspects of
Inventory maintenance
inventory control. The mechanics
of simulation are discussed, and a
Assume that Item X is carried in
new way of setting inventory re
inventory. It is purchased in quan
order points is considered.
tities of 60 units, which has been
Before turning to the example
determined to be the best reorder
that forms the basis of the article,
quantity for this particular article.
two qualifications must be set forth.
The item is not subject to seasonal
First, there are several ways to set
fluctuations. To carry a unit of
reorder points. Generally, they all
on hand costs $.15 per day. If the
provide for uncertainties in sales
company runs out of the article,
and delivery patterns by the main
any unfilled sales orders are not
tenance of extra stock of critical
back-ordered. It has been deter
items. The real question is the
mined that the cost of a lost sale is
number of such extra units to car
$1.20 in lost revenue. Obviously,
ry, for too many may cause unnec
the choice of a carrying cost and an
essary expense and too few may
out-of-stock cost is an important de
result in lost sales. The method ex
cision. For the moment the costs
plored here represents an attempt
specified are assumed; the signifi

cance of accurate determination of
these costs is commented on later
in the article. The company’s expe
rience with sales of Item is sum
marized in Exhibit 1. Sales for the
past 250 days are assumed to have
been analyzed to obtain these data.
In no instance were more than
eight units sold in one day. On ten
different days no units were sold.
Other sales volumes fell between
these extremes; they may be seen
by a review of Columns (1) and (2)
of Exhibit 1. These volumes vary in
a random fashion, that is, variations
are not attributable to a particular
cause. If this were not the case, in
cidentally, the model could be
changed to compensate for fluctua
tions due to known causes.
The delay between placement of
a purchase order and the receipt of
the inventory is also a random vari
able. An analysis of the last 80 or
ders indicates that, while it never
took longer than ten days to re
ceive merchandise, in ten instances
it took that long. In three instances
it took only four days to receive
shipment. Other delay periods are
as indicated in Exhibit 2 on this
page, Columns (1) and (2).
It might seem at this point that
an easy solution offers itself. The
weighted daily sales demand (Ex
hibit 1, Column 5) has been calcu
lated in the following manner: The
number of units demanded is mul-

EXHIBIT 2
DELIVERY LAG
(80 ORDERS)

(1)

(2)

(3)

Days' Delay

Occurrences

Probability

4

3
6
10
15
20
16
10

6
7
8

9
10

.0750

.1875
.2500
.2000
.1250
1.0000
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(4)
Cumulative
Probability

.1125
.2375
.4250
.6750
.8750
1.0000

(5)
Weighted
Lag Time

12
30
60
105
160
144
100
611

27
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tiplied by the number of days on
the total of carrying and stock-out
which such demand existed. This
costs.
total is divided by the number of
This may be done in several
ways. Tools no more complicated
days in the study (1,237/250),
than pencil and paper may be used.
which gives a weighted average
For a very sophisticated answer,
daily demand of 4.95, or about 5
however, a computer is required.
units per day. Application of the
The following conditions are as
same technique to the data in the
sumed in the model:
Delivery Lag Table (Exhibit 2) in
dicates a weighted total lag time of
Beginning
611 days and a weighted average
inventory:
20 units
lag of 7.6 days (611/80). Thus it
Reorder
would seem, on the average, that it
quantity:
60 units
will take about seven and a half
Carrying
$.15 per unit/
days to receive an order after its
placement and that in this period
cost:
per day
the company will sell about 38
Out of stock
cost:
$1.20 per unit
units (7.6 days’ lag times 5 units
daily sales). Therefore, according
to this calculation, the reorder
No orders are outstanding
point should be 38 units.
at the start of the itera
However, our analysis has failed
tion. Daily demand and
Conditions of inventory
up to this point to consider carry
order lag time are random
ing cost and reorder quantities. Ob
variables, as in Exhibits 1
are synthesized and the re
viously, the higher the carrying cost
and 2.
the smaller the optimum inventory
order point varied
The order system is assumed to
will be. Conversely, as the penalty
until a reasonable range
work as follows: At the beginning
for going out of stock increases,
of each day an inventory clerk
evidenced
by
an
increasing
out-of
of points
been covered.
counts the number of units on hand
stock cost, there will be reason to
and compares this count with the
carry more and more inventory.
The optimum is that
reorder point to determine wheth
The problem is complicated by the
point which minimizes
er or not to place an order. If
fact that a relatively small reorder
stocks
are below the reorder level,
quantity forces orders to be placed
the total of carrying and
he
checks
to see if an order has
more frequently and increases the
already
been
placed, for it is the
stockout costs.
likelihood of stock-outs. large re
company
’
s
practice
never to have
order quantity, while decreasing
two
orders
outstanding
at the same
the likelihood of stock-outs, in
time.
If
no
order
is
outstanding,
an
creases the daily average carrying
order
is
placed
if
needed.
cost. At this point the problem be
Carrying costs are assessed at the
gins to defy simple solution, and
beginning of the day on the units
the Monte Carlo method is em
on hand.
ployed.
Sales occur throughout the day
as set out in Exhibit 1. Inventory
Monte Carlo
on hand is issued as requested, if
In this approach to a solution,
available. If on-hand stocks are in
the company’s experience with the
sufficient to fill all orders, the
inventory item is simulated in a
amount on hand is issued and the
dynamic model of the real world.
out-of-stock charge is assessed for
Conditions of inventory purchase
unfilled orders.
and sale are synthesized, and the
Several days are required to re
reorder point is varied until a rea
ceive an order once it has been
sonable range of points has been
placed. This lag varies randomly,
covered. Activity is simulated for
as shown in Exhibit 2. The order
each choice of reorder point until
day counts as one of the lag days.
the results of the point’s use are
The simulation will follow the
known. The optimum point is as
steps of the inventory clerk exactly,
sumed to be that which minimizes
except that the number of units
https://egrove.olemiss.edu/mgmtservices/vol2/iss3/4
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sold and the number of days’ lag in
purchase delivery must be simulat
ed. First, the probability of the
occurrence of any particular sales
volume or delivery lag is calculat
ed. This is done in Exhibits 1 and
2 by expressing each event’s occur
rence as a decimal fraction of all
occurrences. For example, on 10
days out of the 250 surveyed,
no units were demanded. This
amounts to .04 (10/250) of all the
events surveyed. If 1.00 is selected
as certainty, as is conventional, the
probability of having sales of 0
EXHIBIT 3
units on any one day is .04. The
probabilities of other sales volumes
and delivery lags are calculated in
similar fashion. Results may be
seen in Column 3, Exhibits 1 and 2.
Cumulative probabilities

Next, the cumulative probability
(Column 4, Exhibits 1 and 2) is
calculated. This is obtained by add
ing the probabilities and indicates,
in the Daily Demand Table, the
probability of selling a certain
number of units or less on a single
day. For example, the probability
of selling 8 units or less is 1.00, or
certainty, since more than this has
never been sold. By the same to
ken, the probability of selling 4
units or less is .348, or about 1/3.
The probability of selling any par
ticular volume is the probability of
selling that volume or less, minus
the probability of selling less. This
concept is essential if random num
bers are to be used to simulate
activity.
To facilitate the use of the cumu
lative probabilities, they are shown
graphically in Exhibit 3 on this
page and Exhibit 4 on page 30. In
each instance cumulative probabil
ities are plotted vertically. Units
demanded and days’ lag are plot
ted horizontally.
When the cumulative probabili
ties are plotted on the graph, the
different probabilities associated
with each event become apparent.
More probable alternatives are seen
have greater space allocated to
them on the “cumulative frequen
cy” scale. On the Daily Demand
May-June, 1965
Published by eGrove, 1965
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EXHIBIT 4

Graph (Exhibit 3), for example, the
probability assigned to “6 units de
manded” is much greater than that
assigned to “0 units demanded.” If
a random number is chosen to rep
resent sales activity, it is much
more likely to lie in the range .528.752, thus symbolizing a demand
for six units, than in the range .000.040, which represents a demand
for 0 units. In this fashion numbers
drawn at random and plotted
against the different interval sizes
should give an exact reflection of
the relative importance of each in
terval. The last tool needed for
manual simulation is a table of ran
dom numbers. A small table of ran
dom numbers is supplied in Exhibit
5 on page 31.
Simulation

The simulation of inventory ac
tivity, assuming the test of a reor
der point of 15, proceeds as fol
lows: At the start of Day 1 the
has 20 units on hand. There
fore, the carrying cost for the day
is $3.00 (20 units times $.15). After
this charge is computed, a check is
made to see if an order should be
placed. Since inventory exceeds the
reorder point, no order is necessary.
Sales are next simulated by choos
ing a random number and fitting
it to the cumulative distribution
daily demand, shown in Exhibit 3.
The first random number from Ex
hibit 5, .6548, is matched against
the cumulative frequency scale by
reading up the scale. This number,
as a probability, corresponds to a
sales demand of 6. (See dotted
lines indicating interpretation of
the random number.) Therefore,
the first day’s sales are assumed
be 6 units; this number is subtract
ed from inventory. Fourteen units
remain. Since all sales orders are
filled, there is no out-of-stock
The process is repeated for the
second day. Now, the beginning in
ventory is 14 units, and the daily
30

https://egrove.olemiss.edu/mgmtservices/vol2/iss3/4
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The simulation process may be continued for any desired number of days ....

carrying charges are $2.10. This
should be added to the previous
carrying charges, making a cumu
lative charge of $5.10.
The inventory on hand is now
matched against the reorder point
of 15, and it is seen that the reorder
point has been passed. An order is
consequently simulated. This is
done by drawing another random
number and matching it against
the cumulative probabilities in Ex
hibit 4.
The next number in the random
table is .8012. When this is read
against the vertical scale in Exhib
it 4, it is seen to simulate an order
requiring nine days for delivery
(see dotted lines). Thus, the de
livery lag is nine days for this itera
tion.
The second day’s sales are simu
lated by the same process as that
used on the first. Sales of six units
are again indicated, leaving an in
ventory on hand of eight units.
The third day’s carrying cost
would be $1.20, making the cumu
lative carrying cost $6.30. No order
would be placed on this day, be
cause an order is already outstand
ing. Sales would be two units,
indicated by the random number
.0989. An inventory balance of six
units would remain.
Count must be made each day

to see if the purchased inventory
has arrived. Therefore, on each day
the delivery lag is reduced by one.
When the lag reaches zero, the or
der’s arrival is simulated and the
balance of inventory on hand is in
creased by the amount of the order.
This process may be continued
for any number of days. Obviously
a reasonable answer will appear
only after the simulation of many
days’ activity. Statistical methods
are available for determining the
number of iterations required to
yield the desired reliability and
precision, but detailed description
of these methods is beyond the
scope of this article.

The problem
After simulation of a sufficient
number of business days, the rela
tive value of the particular reorder
point will be indicated by the av
erage of incurred costs — out-of
stock costs and carrying costs. Oth
er reorder points must then be
chosen and their average daily in
ventory costs computed by the
same process. Generally, inventory
costs will tend to be relatively high
for extremely low reorder points,
reflecting the relation between the
high cost of stock-outs and low
carrying costs. Then, as the reorder

point increases, average daily costs
will decrease. At some point this
process will be reversed and the
costs, reacting to the increasing
pull of the daily carrying costs, will
begin to increase. The reorder point
yielding the lowest average inven
tory costs will be the most desira
ble, if choice is based solely on the
factors considered and if costs are
accurate.

Computer simulation
The correct result of the use of
any reorder point will emerge only
after many iterations. The time re
quired to perform these by hand
drastically limits the usefulness of
the Monte Carlo technique. It is
different when a computer is used.
The problem described was pro
gramed in FORTRAN and run on
an IBM 1620 computer for all re
order points from one through fifty.
Six hundred days’ operations were
simulated for each reorder point,
representing 30,000 days’ experi
ence with the inventory item. This
number of iterations was chosen
arbitrarily and was controlled by
the amount of computer time avail
able. The simulation took approxi
mately two and one-half hours to
run on the computer. Results of this
particular simulation may clearly

EXHIBIT 5
RANDOM DIGITS

.6548

.7435
.0989
.6991
.9149
.8033
.4410
.1255
.6360

May-June, 1965
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.1746
.1772
.4470
.6625
.1422
.6847
.2694
.8515
.1110
.1650

.5804
.4531
.4312

.4642
.4616
.7029
.3297
.1286
.4021

.7303
.2111
.4552
.7662
.9629
.9475
.5314
.5760
.9664
.4365

.4021
.1438
.9628
.9440
.5438
.3708
.4205
.2222
.2870
.0720
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be seen in Exhibit 6 on page 33.
occur in random fashion. Many
The computer simulation follows
combinations of sales, inventory
exactly the manual simulation that
conditions, and lag times might oc
has been described. Carrying
cur within the framework of the
charges are computed on opening
simulation. If enough simulations
inventory balances, which are then
were run (about 1,000 for this ex
checked to determine whether or
ample), the erratic movement of
not a replenishment order should
the total daily cost would tend to
be placed. If so, a random number
disappear.
is chosen and analyzed to deter
It is interesting to scan the col
mine what reorder lag time is to be
umn showing total units sold. While
used, according to the table of
the total of units ordered oscil
cumulative probabilities shown in
lates slightly, the number of units
Exhibit 2. Then daily sales are sim
actually sold tends to grow
the
ulated in like manner. If the inven
reorder point increases.
tory is insufficient to cover sales, an
Exhibit 6 also indicates that a
out-of-stock cost of $1.20 per item
reorder point sufficient to make
is assessed. Finally, a check is made
sure that no sales are lost would
to see if an order receipt is appro
need to be quite high and would
priate, based on the random delay
be by no means the most economi
between order placement and re
cal reorder level. With the random
ceipt. If the order has arrived, it is
ness of sales and delivery times, to
added to inventory and the next
attempt to eliminate altogether the
day is simulated in turn.
loss of sales resulting from out-ofThe process is repeated 600
stock conditions would be prohibi
The quality of answers
times, approximating two years’
tively expensive.
business experience for each chosen
obtained from this or any
reorder point. Carrying cost, outNecessary cost data
of-stock cost, units ordered, and
other Monte Carlo analysis is
units sold are accumulated for the
The quality of answers obtained
tied directly to the validity
iterations. When the 600 days have
from this or any other Monte Carlo
been simulated, the total carrying
analysis is tied directly to the re
of the cost data on which the
cost is divided by this number to
liability and validity of the cost
determine the daily cost. The proc
data on which the investigation is
investigation is predicated.
ess is repeated in the determination
predicated. Unfortunately, the dif
of daily out-of-stock cost. These
ficulty of gathering these costs in
costs are then summed to deter
current systems often precludes use
mine the total daily cost.
of the technique. What are appro
It may be recalled that a weight
priate carrying costs to be charged
ed average of sales and delivery
in this analysis? What is the cost of
lag times suggested a minimum re
going out of stock on a particular
order point of approximately 38
item? These are not easy questions
units. However, a survey of the to
to answer, but they must be an
tal daily cost column in Exhibit 6
swered before the problem can be
would indicate that costs are mini
solved. There must be cost figures
mized at a reorder point of approx
which are more reliable than mere
imately 28 units. The reorder range
guesses.
from 23 to 28 units results in costs
Carrying costs include many in
curred costs which are now record
which are generally lower than
charges associated with other reor
ed and which can be regrouped to
der points.
permit their use. However, total
A quick survey of this column in
costs are not the proper measure
dicates that the Monte Carlo meth
for this purpose. The analysis should
od, processed for 600 iterations per
be based primarily on appropriate
reorder point, does not yield a
variable costs. These might include
smooth curve. Costs tend to be
imputed costs such as interest on
somewhat erratic around a central
investment as well as such incurred
curve. This is to be expected. After
costs as insurance and handling.
all, the firm’s sale and order lags
Out-of-stock costs are much harder
32
https://egrove.olemiss.edu/mgmtservices/vol2/iss3/4
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COMPUTER SIMULATION OF REORDER POINT

REORDER
POINT

DAILY
CARRYING
COST

DAILY
OUT OF
STOCK
COST
$

$

1
2
3
4
5
6
7

3.06
3.06
3.04
3.05
3.05
3.23
3.14

2.51
2.51
2.45
2.36
2.45
2.08
2.36

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

4.51
4.69
4.55
4.65
4.90
4.78
4.94
5.39
5.08
5.19
5.68
5.52
5.57
5.69
5.86
6.25
6.05
6.40

.90
.84
.81
.76
.64
.67
.58
.50
.56
.52
.36
.41
.39
.23
.27
.17
.25
.15

TOTAL
DAILY
COST
$
5.58
5.58
5.49
5.41
5.50
5.32
5.50

TOTAL
UNITS
ORDERED

TOTAL
UNITS
SOLD

AVG.
DAILY
INV.
(UNITS)

3014
2990
2929
2986
3028
2964
3018

1825
1820
1783
1867
1880
1987
1932

20.40
20.42
20.24
20.32
20.32
21.56
20.96

5.41
5.54
5.36
5.42
5.54
5.45
5.53
5.90
5.64
5.72
6.04
5.94
5.96
5.93
6.14
6.42
6.31
6.56

2983
2956
3012
3005
3033
2994
2868
2935
3023
2958
2941
2972
3006
2967
2994
2962
3025
2939

2620
2607
2683
2690
2780
2724
2644
2740
2803
2780
2803
2816
2871
2877
2903
2915
2941
2883

30.04
31.29
30.32
31.00
32.63
31.88
32.96
35.95
33.85
34.63
37.84
36.81
37.15
37.95
39.07
41.68
40.32
42.66

OPTIMUM REORDER POINT IS 28, YIELDING AVERAGE DAILY COST OF $5.23

EXHIBIT 6

to identify and quantify. General
ly, it would appear that the cost of
going out of stock on a particular
item would be the amount of gross
profit sacrificed to the lost sale, or
the cost associated with the disad
vantages of postponement of gross
profit. These costs are not included
in regular accounting records, and
the setting of an amount is not sole
ly an accounting function. It is, of
May-June, 1965
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course, most unlikely that these
costs can ever be determined with
absolute certainty. However, an
amount should be determinable
with reasonable accuracy, and per
haps some measure of reliability
can also be developed.
The lack of completely accurate
costs should not cause the method
to be abandoned without trial.
Many accounting costs are really

estimates based on time-honored
means of approximation. Such
means must be worked out, and
they will be worked out by ac
countants or the practitioners of
some other discipline. When this is
done, the Monte Carlo technique
will offer a valuable means for mak
ing fruitful examinations in busi
ness matters that have heretofore
been ruled by chance.
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